Filter Backwash Water (FBW) from water treatment plants (WTP) is composed of raw water waste, chemicals and microorganisms. Inappropriate disposal of this residue impacts negatively in the environment and in the health of human populations. Aiming to characterize the FBW from one WTP of Blumenau-SC, physiochemical, microbiological and parasitological assessments and tests with different flocculants polymers were performed in order to propose strategies for treatment and reuse of this residue. Subsequently treated liquid is discharged into the Itajaí-Açu River (Class 2). Physicochemical and microbiological analyses showed results higher than those permitted by CONAMA Resolution n° 430/2011 and Giardia duodenalis (Assembly B) cysts and Cryptosporidium spp. oocyst positivity was observed, characterizing as polluted and contaminated residue that shouldn't be released in the hydric body. The anionic flocculant polymer showed satisfactory results in the turbidity sample reduction (99.49%), which may be a promising alternative in the treatment of this residue.
INTRODUCTION
Water treatment Plants (WTP) are important for the human population, because from raw water, usually unsuitable for consumption, they produce drinking water, indispensable to the survival of any living being (Achon et al., 2008) . Traditionally, the WTP has a complete system, consisting of steps of raw gathering water, coagulation, flocculation, decanting, filtration and disinfection. During these steps, the majority of the WTP produce a large volume of residues, generated by sedimentation of the particles in the decanters and by the filter backwash water (FBW). These residues are called sludge (Richter, 2009) .
Commonly, much of the sludge generated in the water treatment plants around the world was discharged directly into hydrous bodies causing serious environmental impacts. However, the interest in new technologies for the treatment of water and waste generated is aimed at studies that promote the reuse or recycling of these effluents, such as discarding them to exclusive or sanitary landfills, discarding them in sewage systems, applying them to soil, recovering of degraded areas and even incorporation of materials from civil engineering. This reduces to just 11% the number of water treatment plants that discharge their waste into water bodies in the United States (Cornwell et al., 2000) , 2% in the United Kingdom (Simpson et al., 2002) and absence of disposal of these residues in water bodies in France (Adler et al., 2002) and Germany (Gramel, 2002) .
In Brazil, 2,098 towns produce sludge in the water treatment process and present various provisions such as landfill, incineration or reuse; however, a large part discharge untreated effluent directly into water bodies (IBGE, 2010) , impacting negatively the environment because of their high concentrations of WTP and solids that form sediment and isolate the benthic layer, promoting imbalance in the aquatic environment and preventing the development of biota, in addition to causing risks to the health of the human population by presenting concentrated pathogenic microorganisms (Cordeiro and Campos, 1998) .
In this scenario, alternatives are sought to minimize the negative impacts caused by inadequate disposal of these residues with various strategies. Among them the recirculation of filter backwash water at the beginning of the system (Menezes et al., 2005; Braga et al., 2007; Freitas et al., 2010; Molina and Santos, 2010; Oliveira et al., 2013; Silva-Junior et al., 2014; Lustosa et al., 2017) and the use of sludge generated in decanters as a component of materials for civil construction (Hoppen et al., 2005; are those that have been gaining greater emphasis by providing savings in natural resources and recycling of these residues.
The system and operating particularities of each WTP must be considered before making decisions to mitigate the problem, such as the characterization of raw water, the sludge of decanters, the filter backwash water and the chemical products used in the processes. In addition, the difficulty in managing the WTP, the ancient architecture present in many of them, the area of occupation, financial conditions and lack of specialized human resources also Rev. Ambient. Água vol. 14 n. 3, e2372 -Taubaté 2019 2017 hamper the solutions for the proper disposal of these wastes (Di Bernardo et al., 2012; Richter, 2009; Januário and Ferreira-Filho, 2007) .
Blumenau has four water treatment plants; among them is WTP II, which has been in operation since 1970 and supplies about 70% of the population. It's formed by two wings (North and South) composing a complete treatment system. It uses coagulant Polychloride Aluminum (PCA) and polymers as flocculation auxiliators when necessary. The filters are the fast descending type and, at the end, gaseous chlorine, fluosilicic acid and calcium hydroxide are added for disinfection, fluoridation and pH correction, respectively, before the water is distributed to the population (Samae, 2016) .
As in the vast majority of Brazil's WTPs, WTP II generates residues during daily filtering using treated water from the cistern. An average of 130 m³ of water is spent in the washing of each filter, generating a monthly volume of 39,000 m³ of treated water. The wastewater is discharged directly into the Itajaí-Açu River (Class 2 according to CONAMA Resolution n° 357/2005) (Samae, 2016).
The filter backwash water is a residue described as a polluter and contaminate due to the fact that its composition presents the chemical substances used in the previous stages of water treatment, dirt from raw water and various structures infected by microorganisms, among them cysts of Giardia spp. and oocyst of Cryptosporidium spp., (Oliveira et al., 2013; Braga et al., 2007; Freitas et al., 2010) that are pathogenic protozoa with recent records of outbreaks and worldwide epidemic caused by water transmission (Baldursson and Karanis, 2011; Efstratiou et al., 2017) .
Based on the above considerations, this study characterized the filter backwash water regarding the physicochemical, microbiological and parasitological aspects of the water treatment station of Blumenau -WTP II, identifying alternatives for treatment and reuse to suggest improvements in this process contributing to the quality of life of the population and preservation of this natural resource.
MATERIALS AND METHODS
The samples of the filter backwash water were collected monthly in the two wings (North and South), from November 2016 to October 2017. All the sample collections were carried out during the night near to midnight, due to the lower use of water by the population, when the water treatment at the station is interrupted to reverse the water from the cistern for cleaning of the filters (Figure 1 ). It was chosen to work with composite samples collected at the beginning, middle and end of the washing of the filters, according to the diminished visible turbidity of the water.
The samples were collected with the aid of a collector made available by the town's autonomous water and sewage service (SAMAE) and stored in different vials, according to the requirement of each of the analyses subsequently performed. For the physicochemical characterization tests, the samples were stored in 3 L plastic containers, previously cleaned and for determination of chlorine, in glass containers with a grinding lid with a capacity of 250 mL. For microbiological analyses, 100 mL sterile bottles of were used and for the parasitological analysis, glass bottles with a capacity of 1 L previously washed with elution solution tween 80-0.01%.
The procedures for collection, preservation, preparation and physicochemical analyses of the samples followed the Standard Methods for the Examination of Water and Wastewater (Apha, 2012) .
The physicochemical parameters analyzed were turbidity, pH, true color, total residual chlorine, nitrite, nitrate, phosphorus (P), chemical oxygen demand (COD), iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), dissolved aluminum (Al), total solids, fixed and volatile, sedimentary solids, fixed and volatile total suspended solids and total dissolved solids.
Microbiological analyses were performed using Quanti-Tray® Cartelas and Colilert® reagent in the determination and quantification by most probable number (MPN) of total coliforms and Escherichia coli. In this method, the presence of total coliforms is verified when the wells have yellow coloration and for confirmation of E. coli, the color chart is subjected to ultraviolet light of 365 nm, and the wells with fluorescence indicate the presence of the bacterium. The result is obtained by combining the quantity of large and small positive wells in most probable number by 100 mL (100 mL -1 ) determined by a table available along with the Quanti-Tray® Carscreen Kit.
In the parasitological analyses, the calcium carbonate flocculation technique described was used by Vesey et al. (1993) and Greinert et al. (2004) . The technique of detection and quantification applied was direct immunofluorescence according to the instructions of the manufacturer of the diagnostic kit (Merifluor ®-Meridian Bioscience, Cincinnati, Ohio) employing monoclonal antibodies marked with fluorescent substances. It's currently the most widely used method for detecting and quantifying Giardia spp. cysts and Cryptosporidium spp. oocysts in high turbidity environmental samples. The microorganisms of interest were observed and quantified under the Epifluorescence microscope (Olympus-CH30) with excitation filter from 450 to 490 nm and a barrier filter of 520 nm, followed by morphological confirmation by phase contrast.
The positive samples for the parasites were subjected to molecular genotyping. The environmental DNA was extracted using the DNeasy® Blood and Tissue kit (Qiagen INC), according to manufacturer's instructions. The triose phosphate isomerase (TPI) gene amplifications were performed following a two-step nested polymerase chain reaction (PCR) protocol for genotyping of Giardia spp., using the AL3543 [5′-AAATIATGCCTGCTCGTCG-3′] and AL3546 [5′-CAAACCTTITCCGCAAACC-3′] primers for the primary PCR (605 pb), and the AL3544 [5′-CCCTTCATCGGIGGTAACTT-3′] and AL3545 [5′-GTGGCCACCACICCCGTGCC-3′] primers for the secondary PCR (530 pb). Reagents and cycling conditions were the same for both steps, as described in Sulaiman et al. (2003) , with some modifications. The PCR reaction comprised 3-5.0 μL of DNA, 250 μM each of deoxynucleoside triphosphate (dNTP), 1X PCR buffer (20 mM Tris-HCl, 50 mM KCl, 2.0 mM MgCl2) 1.0 U of Taq polymerase (CELLCO Biotec -Brazil Ltda), 2.0 µL of bovine serum albumin (0.1 g/10 mL), and 1.5 μM of each primer in a total of 25 μL reaction. For the secondary PCR, 4.0 μL of the primary PCR product was used as template. The reactions were performed Rev. Ambient. Água vol. 14 n. 3, e2372 - Taubaté 2019   2017 for 35 cycles (94°C for 45 s, 48°C for 45 s, and 72°C for 60 s), with an initial hot start (94°C for 5 min) and a final extension (72°C for 10 min).
For genotyping of Cryptosporidium spp., the 18s small subunit rRNA gene was amplified in a two-step nested PCR protocol according to Macarisin et al. (2010) , with some modifications. The primary PCR amplify an 1325 bp fragment using 5.0 μL of DNA, 1X PCR buffer (10 mM Tris-HCl, 50 mM KCl), 1.5 mM MgCl2, 250 μM each of deoxynucleoside triphosphate (dNTP), 2.5 U of Taq polymerase (LUDWIG Biotec -Brazil Ltda), 1.25 µL of bovine serum albumin (0.1 g/10 mL), and 1.0 μM concentrations of each Crypto-F [5'-TTCTAGAGCTAATACATGCG-3'] and Crypto-R [5'-CCCATTTCCTTCGAAACAGGA-3'] primers in a 25 µL reaction volume. The reactions were processed with an initial hot start at 94°C for 3 min, followed by 35 cycles of 94°C for 45 s, 59°C for 45 s, and 72°C for 1 min, and a final extension step at 72°C for 7 min. The secondary PCR used 5.0 μL of primary PCR product as template, in order to amplify an 830 bp fragment, and the same mixture conditions, except that the primers were AL1598 [5'-AAGGAGTAAGGAACAACCTCCA-3'] and AL3032 [5'-GGAAGGGTTGTATTTATTAGATAAAG-3']. The processing program was an initial hot start at 94°C for 1 min, 40 cycles of 94°C for 30 s, 58°C for 90 s, and 72°C for 1 min, and a final extension at 72°C for 7 min. All PCRs were performed in a AXYGEN® Maxygene II PCR thermocycler. Positive genomic DNA controls from concentrated samples of Giardia spp. cysts and oocyst of Cryptosporidium spp., provided by the FURB Parasitology Laboratory, were included with each PCR run as positive control, as well as distilled water as negative control. PCR products were analyzed on 1% agarose gel and visualized after Gel Red ® (BioLabs) staining.
The amplified products were subjected to enzymatic purification with exonuclease I and alkaline phosphatase (CELLCO Biotec -Brazil Ltda), according to the manufacturer's recommendations, and both stands were sequenced directly at Myleus Biotecnologia (MGBrazil). The Chromas program (http://technelysium.com.au/wp/chromas/) was used to analyze the quality of the sequences. The reliable sequences were compared to those of the other assemblages using the local alignment tool BLASTN of the National Center for Biotechnology information (NCBI) database (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
For the evaluation of the treatment and possible reuse of FBW, the company Projesanenvironmental sanitation, located in Gaspar -SC, yielded three flocculant polymers for the development of the research: 1. PROFLOC A 100: Anionic Polymer, pH 6.0 -8.0 and viscosity (sol 0.1% / cSt): 100 to 300; 2. PROFLOC C 209: Cationic polymer, pH 5,0 -8,0 and viscosity (sol. 0.1% / cSt): 50.00 a 150.00; 3. PROFLOC A 110: Slightly anionic polymer, pH 6.0 -8.0 and viscosity (sol. 0.1% / cSt): 70.0 to 130.0. All polymers presented solid granular appearance and white to slightly yellowish coloration. Preliminary tests were performed with the use of the Jar-Test and Turbidimeter aiming to determine which polymer would be more efficient for the removal of the solid particles from the filter backwash water, its ideal concentration to be added in the sample, agitation speed and effectiveness in decreasing turbidity.
Data were organized in descriptive tables containing absolute frequencies, relative averages, standard deviations and estimates in the form of range with 95% confidence. The data of the quantitative variables were tested using the normality Shapiro-Wilk Test. To compare the groups with respect to the quantitative variable, we used the Student's t-Test (Parametric Test) and the Mann-Whitney Test (Non-Parametric Test) that compares the two independent groups. Pearson's Linear correlation and Spearman's correlation were used to correlate the quantitative. In the cases of association whose variables were categorical or qualitative, Fisher's exact test was used. In all cases, the statistical significance was considered if the P value < 0.05 and the data analysis performed by the Microsoft Excel 2016 software.
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RESULTS AND DISCUSSION

Physicochemical analyses of the filter backwash water
Comparing the results of the physicochemical analyses of the North and South wings no significant differences were observed between them. So, the results of the two wings were combined to perform the subsequent statistical analyses.
The physicochemical characteristics of the filter backwash water of WTP II, carried out in this study in general, present agreement with the results obtained in other Brazilian WTPs (Freitas et al., 2010; Molina and Santos, 2010) . In relation to the dissolved aluminum content, the data of this study was much lower than those recorded by other researchers. This difference can be explained due to the different dosages of aluminium-based coagulants, as well as the flow volume of the stations, the operating conditions and the characteristics of the raw water. The contents of all groups of solids, and consequently the average of turbidity, showed much higher values. These variations are probably due to differences in the quality of raw water, disposal of wastewater from domestic and industrial exhaustion, erosion rates, agricultural activities, land occupation and influence of the biotic community of the environment (Campos, 2015; Canale, 2014; Freitas et al., 2010; Molina and Santos, 2010; Chaves, 2012; Scalize, 1997) .
The concentrations of iron and phosphorus are expressive as compared to the studies by Freitas et al. (2010) , Molina and Santos (2010) and Scalize (1997) . High concentrations of iron may be related to the composition of solids, since this is one of the main elements of soil formation (Carneiro et al., 2013) . The characteristics of the filter backwash water are closely related to those of the raw water from the catchment, so the phosphorus content found in the FBW suggests the origin of sanitary sewage, since only 42% of the population is served by the sewage collection network in the Blumenau (Brk Ambiental, 2018).
It's known that filter backwash water from water treatment plants is composed of chemical substances used during the processes to achieve water potability and is closely related to the characteristics of raw water. In a recent study, Piazza et al. (2017) evaluated the chemical parameters of the raw water of the four water treatment plants from Blumenau and a conservation unit. Among the evaluated parameters, the raw water captured by WTP II obtained the highest rates in chloride, sulfate, sodium and total organic carbon. The authors report that, due to the watershed of the spring being large, management is difficult, since the waters come from other cities; in addition, natural causes, the use of the soil, and several other mechanisms of action exert anthropic influence on the quality of the hydric body. Grott et al. (2016) evaluated the turbidity value of the raw water catchment of the water treatment plant -WTP II of Blumenau and verified values between 18.3 and 934 UNT. The authors report that this high turbidity value occurs due to the geological formations characterized by Neossolos Fulvic, which have dark coloration and varying granulations. Also, the absence of basic sanitation in part of the city causes the discharge of domestic wastewater into the water body. The high incidence of industries in the region is also responsible for this increase in both the values of chemical parameters and the turbidity index.
The raw water capture of the WTP II of Blumenau is framed as Class 2, according to the CONAMA Resolution n° 430/201, which provides classifications of bodies of water and environmental guidelines for rating, as well as establishes the conditions and standards of effluent discharge.
The results of the physicochemical parameters of the washing water of the filters evaluated in this study were compared with the values established by CONAMA Resolution nº 430/2011 to dispose of effluent in a Class 2 water body ( According to the results, it's observed that some of the parameters are above the maximum standards established by CONAMA Resolution n° 430/2011, for the discharge of effluents in Class 2 Rivers, making it illegal to discharge this residue in the water body.
The high turbidity of raw water resulting from the high concentration of solids from the disposal of domestic and industrial effluents and by natural phenomena such as water speed and erosion are related to the composition of the filter backwash water as these particles remain in the WTP at this stage of treatment. Returning this water to the hydric body, besides contributing to the increase of the turbidity of the raw water at the point of discharge, promotes changes in the color of the river, siltation and influence in the regional biota.
The use of natural or synthetic flocculant polymers to reduce turbidity of the filter backwash water has been studied and is proving an efficient alternative (Braga et al., 2007; Freitas et al., 2010) . However, in addition to water clarification, it's important to characterize the clarified water in order to verify the removal of other chemical or biological compounds that can negatively impact the environment and the surrounding population.
Iron is one of the main elements of soil formation, along with oxygen, silicon and aluminum. It presents two stages of oxidation, being Fe +3 predominant in aerated soils, and in soils with low O2 content, the reduction of Fe +3 for Fe +2 is highly observed, being also the form available for plants and animals, since the Fe +3 precipitates more easily. The high concentration of this element in the filter backwash water may be related to the soil composition of the region, and also intensified by the coagulant, since the Aluminium Polychloride (PCA) can contain concentrations of up to 0.03% of Fe (Carneiro et al., 2013) .
High concentrations of iron may cause irritation when inhaled or by contact with the skin or eyes (Macedo, 2001 ). In addition, it causes some impacts to the public water supply by conferring color and flavor to the treated water. Biological contamination can occur in the distribution network itself with the deposit of this element through plumbing and the development of iron bacteria (Oliveira et al., 2013) .
For the removal of iron in water, the techniques of oxidation with free chlorine, ozone or Alinne Petris et al.
potassium permanganate followed by filtration are used (Rönnholm et al., 2001; Moruzzi and Reali, 2012) . Aeration processes also promote the reduction of these compounds (Di Bernardo et al., 1993; Knocke, et al., 1987) . Freitas et al. (2010) , using ionic polymers to reduce the physicochemical parameters of the filter backwash water of water treatment plant filters in Minas Gerais, obtained satisfactory results in relation to iron, decreasing the values from 3.5 to 0.1 mg L -1 . The removal of this compound in water is most often impossible in practice, mainly due to the high investment cost, since an increase in the number of steps of the WTP is required. Thus, studies aimed at the removal of these ions are important to promote more efficient strategies and mainly shorter execution time and cost.
The presence of phosphorus in water is usually related to the disposition of in natura domestic sewage in the hydric body, agricultural activity, industrial effluents, among other anthropic actions (Carneiro et al., 2013) . Phosphorus is one of the main elements responsible for eutrophication, which consists of the excessive growth of algae damaging the use of water; moreover, the excessive consumption of oxygen by the algae causes the death of fish and other organisms in the surroundings (Klein and Agne, 2012) .
The measures of phosphorus control are related to the correct application of fertilization and effective practices in the prevention of soil erosion. In sanitary sewage, where the concentration of phosphorus is high, the main removal strategies are chemical precipitation by the use of iron or aluminum salts such as coagulant, biological processes of treatment, ion exchange and adsorption (Kaveeshwar et al., 2018) .
The use of chlorine (Cl) for disinfection in water treatment plants is very common, its main function being the inactivation of microorganisms such as bacteria. The chlorine found in the filter backwash water comes from the water treatment, since to perform the washing volumes of water from the cistern are used. The amount of free residual chlorine found in this study is much higher than that permitted by CONAMA Resolution n° 430/2011 for disposal in Class 2 water bodies.
The problem related to this high concentration of free residual chlorine is the capacity that this compound has in forming trihalomethanes (THM) from its reaction with organic compounds (Meyer, 1994) . Raw water, due to the decomposition of biological material, promotes the development of fulvic and humic acids, which in turn form haloforals due to the presence of ketone radicals in their composition and the reaction with free chlorine. These acids are the precursors of the formation of trihalomethanes (Opas, 1987; Van-Bremem, 1984) . Studies establish a certain relationship between trihalomethane compounds formed during the stages of water treatment and cancer (Santos, 1987) .
The strategies for the control of the formation of the THM can occur with the reduction of the concentration of precursor acids in the treatment plant by clarification of the water using on coagulants, or in the spring, by aeration, oxidation or by adsorption in activated charcoal. The use of other alternatives for disinfection, such as ozone or ultraviolet light become interesting, or even the removal of THM already formed by activated granular carbon (Laubusch, 1971; Santos, 1987) .
The alternatives quoted for the removal of components that were above the values allowed by CONAMA n° 430/2011 resolution require investments in the infrastructure of the water treatment plant, as well as specialized human resources. The deterioration of raw water influences the results of the characterization of effluent generated in the water treatment plant, so it's possible to understand that public policies and more effective inspections in relation to the regulations of use and soil occupation would help to improve the quality of raw water and consequently lower generation of sludge and wastewater in the water treatment plant, being more profitable to conserve the city's water resources than to invest in the infrastructure of the water treatment station.
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Microbiological analysis of filter backwash water
According to CONAMA Resolution n° 430/2011, for water bodies framed as Class 2, a limit of 1000 thermotolerant coliforms per 100 mL of water shouldn't be exceeded and Escherichia coli may be determined in substitution to the parameter of thermotolerant coliforms. Table 2 shows the values of total coliforms and E. coli found in this study in both wards and the significance between them. I -P: P-value of the T-Test for correlation. If P < 0.05 then significant correlation.
According to the results, no significant difference was observed between the total coliform values and E. coli between the south and north wings. Regarding the values obtained the presence of quantities higher than 1000 MPN, 100 mL -1 was verified for both total coliforms and E. coli in most analyses. Thus, the microbiological parameters of the water to wash the water treatment station filters -WTP II of Blumenau, aren't in accordance with the values established by the current norm. It's in natura disposal is inappropriate, and can cause negative impacts both to the environment and to the health of the human population. Grott et al. (2016) evaluated the presence of total coliforms and E. coli in the raw water of the water treatment station -WTP II of Blumenau. They obtained minimum and maximum values of 240 -600 MPN 100 mL -1 sample of total coliforms and 33 -240 MPN 100 mL -1 of E. coli. The values found in this study were 9.7-> 2419,6 MPN 100 mL -1 for total coliforms and 22.6 -> 2419,6 MPN 100 mL -1 for E. coli. Filtration is the main barrier for microorganisms during water treatment (Arora et al., 2001; Lechevallier and Norton, 1995) . The accumulation of these bacteria in the filter bed suggests the reason for this high number of microorganisms in the filter backwash water, being important information for verifying the potential functioning of the filters.
It's noteworthy that the inadequate disposal of this wastewater causes an increase in the concentration of these microorganisms in the area of discharge, which can negatively impact the population that lives near the river and uses the water without adequate treatment.
Due to the fact that the washing of the filters of the water treatment station in question occurs with the water of the cistern, which include chlorine, it's possible that during the process part of these microorganisms are inactivated. However, as shown by the results, the treatment of this residue before its disposition in the hydric body should be carried out.
There are numerous disinfection mechanisms for water, among them, disinfection by chemical agents, which is commonly performed with liquid or gaseous chlorine, or derivatives such as sodium or calcium hypochlorite and chlorine dioxide because they are easy to apply and low cost. However, these mechanisms are not efficient against cysts and oocysts of Giardia spp. and Cryptosporidium spp., since they are highly resistant (Cheung, 2017) . Other Alinne Petris et al. disinfection mechanisms are the use of ozone and ultraviolet (UV) radiation. The use of ozone in water treatment plants in the United States obtained satisfactory results in the inactivation of Giardia spp. (Thompson and Drago, 2015) . Cantusio-Neto et al. (2006) obtained a 98.9% reduction of Giardia spp. cysts and 99.7% of Cryptosporidium spp. oocysts using activated sludge UV disinfection at a sewage treatment plant. However, the action of UV was not completely efficient in relation to the inactivation of Giardia spp. cysts. Trophozoites were found in a rat intestine scraping of the UV-treated group. However, the combination of the three techniques -use of chlorine, ozone and UV can play an important role in the inactivation of these protozoa (Thompson and Draco, 2015) .
When a correlation analysis between turbidity and E. coli values was performed, it was possible to verify a moderate correlation between these parameters (P = 0,0420). Souza and Gastaldini (2014) found no correlation between the parameters of E. coli and turbidity in their study carried out in hydrographic basins that suffer anthropic action. The turbidity ratio was evident with the parameters of suspended solids and flow, and E. coli was strongly related to the values of DBO. Roberto et al. (2017) in the study on the evaluation of pH, turbidity and parasitological analysis of the water of the Guará Velho Stream, in the city of Guaraí/TO, verified a strong relationship between the results of turbidity and MPN of E. coli in two of the five points evaluated in the study.
The concentration of solids in water is closely related to the turbidity value, as well as the dumping of sanitary sewage. The bacterium E. coli is of fecal origin both of humans and other animals; thus, the absence of sewage collection networks in more than 50% of the population of the municipality of Blumenau, suggests the relationship between the turbidity and MPN parameters of E. coli in this study.
Due to the presence of E. coli, most often associated with contamination of fecal origin, another important relationship is that of these bacteria with the possible presence of pathogenic enteric protozoa, such as Giardia spp. and Cryptosporidium spp.
Parasitological analyses of the filter backwash water
The parasitological analyses for Giardia spp. and Cryptosporidium spp. in the period of one year performed in the north and south wings didn't present significant differences for Giardia spp., with the value of P = 0.9110 using the Mann-Whitney test after normality was determined by the Shapiro-Wilk test. Regarding the research of Cryptosporidium spp., it wasn't possible to perform the statistical tests since the presence of this parasite wasn't determined in one of the wings during the entire study period.
Of the 24 analyzed samples, in 11 were verified the presence of Giardia spp. and in only three of Cryptosporidium spp. The greater detection of Giardia spp. indicates greater circulation of this protozoan in the region. Similar results were observed by Grott et al. (2016) analyzing raw water from the Itajaí-Açu River in Blumenau (SC), Miglioli et al. (2017) in Sewage Treatment Plant sludge, also in Blumenau (SC), Greinert et al. (2004) in pool water in the city of Florianópolis (SC), Franco et al. (2001) in Campinas (SP), Cantusio-Neto et al. (2006) in Sewage Treatment Plant sludge also in Campinas (SP), Sato et al. (2013) in several springs of the state of São Paulo. Grott et al. (2016) , evaluated the parasitological profile of the raw water uptake of the water treatment station -WTP II of Blumenau, and the results were compared with this research (Table 3) .
Rev. Ambient. Água vol. 14 n. 3, e2372 -Taubaté 2019 2017 The positivity frequency of both protozoa was similar in the analyses of raw water and in the filter backwash water. Regarding the detection of Giardia spp. cysts, the maximum and minimum values in the filter backwash water are much higher than those found in the raw water. This variation is probably related to the higher concentration of these organisms during the filtration stage consequently the filter backwash water also presents a greater abundance of these protozoa.
Regarding the detection of oocyst of Cryptosporidium spp., the amplitude found in both studies was similar. The smallest amount of positive results for the analysis of Cryptosporidium spp. may be related to the epidemiology of cryptosporidiosis in the area of Blumenau. In addition to the lower frequency of infection in the population, the high turbidity of the sample may interfere with the efficiency of the technique in the detection of oocyst.
No positive sample for Cryptosporidium spp. presented the expected two-step PCR amplification pattern, even with several attempts to optimize the protocol.
Only two of the FBW positive samples for Giardia spp. presented the approximately 530 pb expected amplification by two-step PCR. The sequences obtained (NCBI accession numbers MK208823 and MK208824) presented 99% homology with sequences of G. duodenalis -Assemblage B.
With the presented results, it was found that the filter backwash water of the WTP II presents high levels of turbidity, iron, manganese, copper, phosphorus, free residual chlorine, total coliforms and E. coli, being above that allowed by CONAMA Resolution nº 430/2011, in addition to the presence of Giardia duodenalis cysts genotype B, which is zoonotic, and Cryptosporidium spp. oocysts. Karanis et al. (1996) detected Giardia spp. and Cryptosporidium spp. or both in 92% of the filter backwash water from a WTP in Germany. The detection rate in raw water samples was 91.7%. Karanis et al. (1998) observed that good elimination results were obtained by optimizing relevant water treatment processes, but a low flocculant dose following sudden variation in the raw water quality causes a breakthrough of these protozoan into the treated water.
The use of polymer flocculant to clarify the filter backwash water was evaluated, and, after preliminary tests, higher efficiency was found in the polymer Profloc A 100, with anionic character, in the concentration of 0.01% with rapid agitation of one minute, followed by slow agitation for another minute in a jar-test. The sedimentation time was 30 minutes and its efficiency in reducing turbidity reached 99.49%.
One of the main alternatives studied and applied by water treatment plants in relation to the waters of filter backwash, is its recirculation to the beginning of the system. However, the high rates of turbidity of this residue can cause losses in the treatment process. In this way, several studies aimed at the quality of reuse of this effluent propose pre-treatment with application of different polymers in order to clarify the filter backwash water before it's forwarded to the beginning of the treatment.
Alinne Petris et al. Freitas et al. (2010) also evaluated the clarification of the waters of filter backwash without and with different polymers in order to determine which is the most efficient in decreasing the physicochemical values before this water is recirculated to the system. The values of DQO, Fe, Al, Mn, pH, turbidity, solids in total suspension and sedimentary solids were significantly reduced when cationic polymer was used; turbidity was decreased from 33.5 UNT to 1.5 UNT Braga et al. (2007) determined the reduction of turbidity from 33.5 UNT to 5.32 UNT and total suspended solids from 75 mg L -1 to 13.5 mg L -1 also when the cationic polymer was used in the clarification of FBW. Molina and Santos (2010) verified the efficiency in the clarification of FBW using light and medium anionic polymer and potato starch. The three components presented similarity in results, achieving great efficiency in the removal of the flakes. The use of potato starch stands out because it's natural, inexpensive and easy to acquire.
The process of sedimentation of the filter backwash water, with or without the use of polymer generates a more concentrated sludge that, depending on its characteristics, can be incorporated into ceramic material or civil construction or then be destined to a landfill appropriate to its classification (Vitorino et al., 2009) .
The filter backwash water of the WTP II of Blumenau presents characteristics similar to those found in these studies that aimed to recirculate of this type of sample to the beginning of the system. However, the importance of a pre-treatment of this residue before its reuse is evident. The use of polymer is a promising alternative, since the quantity to be used and the time for the removal of solids are low, which promotes the reuse of the filter backwash water and the reduction of operating costs (Lustosa et al., 2017) .
CONCLUSIONS
The filter backwash water of the water treatment plant of Blumenau -WTP II presents some physicochemical and microbiological indices higher than the maximum limit allowed by CONAMA Resolution N° 430/2011 for in natura disposal in Class 2 water bodies, highlighting turbidity, some solids, Fe, P and Cl, Coliformes Total and E. coli. Therefore, it shouldn't be discarded without prior treatment.
The high concentrations observed in the microbiological and parasitological analyses can bring negative impacts both to the environment and to the health of the human population, emphasizing the importance of a pre-treatment of this residue before it's disposed of in water bodies.
The use of flocculant polymers is an interesting alternative to clarify the filter backwash water, since they have properties that reduce the physicochemical, microbiological and parasitological loads of the effluent, and through this process allow the recirculation of FBWat the beginning of treatment, being an option for the reuse of this residue.
The high concentrations of phosphorus and turbidity, which suggest a relation with the discharge of sanitary sewage, anthropic actions and erosion episodes, can be solved with investments in the basic sanitation of the city and public policies in the supervision of occupation and land use.
Investments in the conservation of the Itajaí-Açu River and maintenance of surface water quality can be more profitable than the application of new methodologies in the water treatment plants of Blumenau, since with the preservation of raw water, the physicochemical, microbiological and parasitological parameters of the effluent of the WTP tend to conform with CONAMA Resolution n° 430/2011.
